The effects of gamma interferon (IFN-␥) on Chlamydia trachomatis growth in polarized epithelial cells were examined. The range of IFN-␥ concentrations causing aberrant chlamydial growth was wider in polarized than in nonpolarized cultures. Results indicate that chlamydial growth modulation in polarized cells readily leads to persistence and better reflects in vivo conditions.
liquid chromatography (18) were performed as described previously. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis and immunoblotting were performed as described previously (3) , and the blots were visualized by chemiluminescence (ECL; Amersham, Arlington Heights, Ill.).
Preliminary evidence indicated host cell line variability in modulating chlamydial growth after IFN-␥ treatment. Therefore, the IDO activities of several genital tract cell lines were assessed (Table 1) . Both HeLa and Me180 cells catabolized tryptophan after 48 h of IFN-␥ treatment, indicating IFN-␥-inducible IDO activity. Additionally, IDO activity of polarized Me180 cells was comparable to the activities of both nonpolarized Me180 and HeLa cells. This activity was IFN-␥ dose dependent for all responsive cell types (data not shown). In contrast, Hec1B and Ishikawa cells neither exhibited IDO activity nor inhibited chlamydial growth after IFN-␥ treatment; these findings are similar to results described by Thomas et al. (13) for an IDO-deficient Me180 mutant cell line. Therefore, Me180 cells were used for subsequent polarization studies.
The levels of recovery of infectious chlamydiae from IFN-␥-treated polarized and nonpolarized genital tract cells were compared (Fig. 1) . In the absence of IFN-␥ treatment more organisms were recovered from polarized Me180 cells than from cells grown on plastic. This observation agrees with those made by Wyrick and colleagues (12, 16, 17) . When IFN-␥ was added to the cultures shortly after infection, a dose-dependent decrease in the number of recoverable organisms was observed for both polarized and nonpolarized cultures, and a significant difference in the number of chlamydiae recovered from each was observed starting at 0.15 ng of IFN-␥/ml until inhibitory doses of IFN-␥ were reached. The infectivity in nonpolarized cells decreased significantly after treatment with 0.15 ng of IFN-␥/ml (P Ͻ 0.005; two-tailed Student's t test) and was completely inhibited at IFN-␥ concentrations of 0.2 ng/ml or more. In contrast, higher concentrations of IFN-␥ were required to affect the recovery of infectious chlamydiae from the polarized cultures. There was little difference between polarized treated and untreated cultures until treatment with at least 0.5 ng of IFN-␥/ml (P Ͻ 0.0001). Complete inhibition of chlamydial growth in the polarized cultures was not seen until treatment with 1 ng of IFN-␥/ml or more was used, consistent with IFN-␥ levels demonstrated locally in chlamydia culturepositive women (1) .
As one measure of persistence, chlamydial steady-state protein levels were examined after IFN-␥ treatment. When non-polarized cells were treated with 0.075 ng of IFN-␥/ml, both the chlamydial 57-kDa heat shock protein (hsp60) and major outer membrane protein (MOMP) levels were found to be similar to those seen for untreated cells (Fig. 2 ). But treatment with 0.15 ng of IFN-␥/ml resulted in a dramatic decrease in the amount of detectable MOMP without a concomitant decrease in hsp60 levels. This is consistent with the chlamydial protein profiles demonstrated for persistent organisms (3, 4) . MOMP was undetectable after treatment with 0.5 ng of IFN-␥/ml or more, while hsp60 was detected in all samples tested. A similar pattern was observed for chlamydiae grown in polarized cells, although more IFN-␥ was required to see this effect and the persistence protein profiles were seen over a broader range of IFN-␥ treatment levels (0.5 to 0.75 ng/ml). The chlamydial proteins present during an infection may influence pathogenesis, since MOMP immune responses are believed to be protective, while hsp60 elicits delayed hypersensitivity (8) and is serologically associated with chronic sequelae of chlamydial genital tract diseases (6, 14) .
Chlamydial morphology, as determined by immunofluorescence staining, also was affected by IFN-␥ treatment. Large, aberrant organisms were observed when cells were treated with 0.15 ng (nonpolarized) or 0.5 ng (polarized) of IFN-␥/ml (Fig.  1) . Interestingly, intact aberrant forms were visible in polarized cells after treatment with as much as 5 ng of IFN-␥/ml (five times the inhibitory concentration). No inclusions were visible in nonpolarized cells treated similarly. These data demonstrate a much broader range of persistence-inducing IFN-␥ levels in polarized cells, which may more accurately represent in vivo conditions, than in nonpolarized cells.
The polarization state, IDO levels, and the chlamydial serovar all influence the likelihood that chlamydiae will become persistent. Clearly there are some differences between cells grown by standard cell culture methods and those grown in a polarized orientation. In this study we have shown that cells grown in a polarized state respond differently to the effects of IFN-␥ than nonpolarized cells. These differences were most obvious in observations which showed that larger doses of IFN-␥ were required to reduce or inhibit the growth of chlamydiae and regulate heat shock protein stress responses in polarized cells. Furthermore, chlamydial antigens persist to a greater extent in polarized cultures as demonstrated by the presence of intact inclusions after treatment with levels of IFN-␥ sufficient to completely inhibit growth in nonpolarized cells.
It is not known why more IFN-␥ is required to affect C. trachomatis growth in polarized cells than in nonpolarized cells, nor is it clear why persistence in polarized cells can be maintained over a range of IFN-␥ concentrations much broader than that for nonpolarized cells. Wyrick et al. (17) demonstrated both accelerated growth of chlamydiae and higher chlamydial titers in polarized versus nonpolarized cells. Polarized cells may provide a more nutrient-replete environment for chlamydial growth than nonpolarized cells, and thus the availability of metabolites important to the effects of IFN-␥ on chlamydial 
